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BACKGROUND AND PURPOSE
The subject under consideration is livestock waste management. Two
constraining forces, societal and econcmic, influence the parameters of
the associated problems. In many Instances, the two forces work against
each other. For example, if a producer is to comply with the present
wishes of society from an aesthetic and pollution standpoint, his opera
tion will be more costly and less profitable. The function of technology
is to provide information which permits conflicts to be resolved. It is
likely that no singular solution will satisfy all operations everywhere,
because constraints vary with type of operation, producer, and location.
A compromise between the social and economic Ideals may become necessary
before successful waste management systems are realized.
In response to the changing societal and economic constraints, live
stock producers must adjust their operational types and sizes to stay
abreast with the trends. Midwestern farmers have found it necessary to
reduce the land area relegated to livestock production to Increase grain
production. Mechanization Is utilized where feasible to compensate for
the increasing unit cost of labor. Efficient mechanization encourages
further concentration of the area on which a specific number of animals
are produced.
Even so, the producer's margin per animal continues to decline. Pro
duction costs increase at a rate comparative with the general inflation,
while agricultural commodity prices continue to remain stable. The pro
ducer Is required, therefore, to Increase the number of marginal units to
maintain a sufficient income. A manifestation of these trends is a tend
ency toward confined animal operations.
Waste disposal takes on an entirely new dimension in concentrated or
confindent production systems. Large volumes of waste are concentrated
into a small area, developing associated problems. Regular waste removal
is necessary to insure adequate sanitation and cleanliness. Once-daily
to continuous manure removal is desirable in high density situations.
Problems with rodents, insects, and disease can compound with large, more
concentrated, amounts of manure.
Confinement operations are vulnerable as pollution sources. Uncon
trolled biological decomposition of manure gives rise to unsavory odors
that may not be tolerated by rural neighbors or nearby urban dwellers.
Some of the gaseous compounds need only be present in a few parts per bil
lion to be offensive (16). It has become necessary, therefore, to design
waste management systems that will control odors sufficiently not only to
comply with statutory regulations, but also to be aesthetically acceptable
to the coQsminity.
A sound waste management system will attempt to exclude any water
pollution hazard. Restrictions are already being placed on the amounts of
manure and acceptable times for land spreading to insure against runoff
pollution (19). Even more stringent regulations are anticipated in the
future.
Manure Collection and Transport
The collection segment of a waste management system is responsible
for quickly removing the waste from the animal's innedlate environment and
transferring it to the treatment and diapoaal unit. The pitch fork, with
its human operator, was the time-honored method of collecting manure.
Labor requirements, however, were severe and time consuming. As a problem
is the mother of invention, the pitchfork yielded to a variety of mechan-
ical substitutes. Blades, front-end loaders, and mechanical conveyors
were employed to remove manure in a more efficient and sophisticated man
ner.
Increasing animal densities and populations now render these mechan
ical methods lacking in desired performance. Development of alternative
collection methods has proved successful. For example, slotted flooring
systems have been effective in removing the waste from contact with the
animal. The collection of waste after dropping through the slots is a
corollary problem with this method. Usually, large storage tanks are lo
cated below the floor level. Periodically, the stored contents are agi
tated and pumped into field spreaders. An economic drawback affiliated
with the slotted floor system is the requirement of two floors. The pen
floors must be structurally, rather than grade, supported leading to
higher costs of construction.
Iowa State Hydraulic Handling System
Hydraulic waste removal from a swine confinement unit has been devel
oped at Iowa State University (12). Dunging channels are provided that
cross narrow pen areas at ends opposite to the feed area. Recycled la
goon water serves as the hydraulic carrier. A flushing device has been
perfected that releases a desired quantity of water through the channel
periodically (8, 6). Swine train themselves to urinate and defecate
in the channel when flushing occurs. The flowing water transports the
waste to a treatment and disposal system. Pen areas and animals remain
quite clean and dry. Floor feeding Is utilized, which is thought to be
partially responsible for the animal's devotion to sanitation.
The odor level within this building is usually acceptable. Major
odors encountered appear to stem from the feed, which few persons find
offensive. Odor control is obtained because little decomposing manure is
located within the structure. Odorous gases will evolve more rapidly at
body temperature than at building temperature, so clean animals help al
leviate odor.
Purpose of this Work
It is plausible that hydraulic transport will be included in many
future livestock waste systems. The focal point of much research at Iowa
State University has been the evaluation of treatment and disposal compo
nents that will satisfactorily complement hydraulic transport. The pur
pose of this work is to investigate an idea that could offer a practical
solution to the problem of solids separation and disposal in a hydraulic
collection system that treats and recycles the waste water.
HYDRAULIC EFFLUENT CHARACTERISTICS
The effluent from a hydraulic transport manure removal system la a
solid-bearing liquid. Kie solids encountered can be classified into three
fractions-'dlssolved solids, fine suspended solids, and heavy sediment.
The contribution of each fraction to the total solids concentration varies
during the flushing period. Varying velocities, with the concomitant sed
iment transport capacity, and time of day because of the defecation habits
of the animals, have some influence upon the solids composition. Animal
species, type of feed, feed particle size, flushing cycle, flushing vol
ume, animal weight per flushing volume are other variables that affect
solids content and particle distribution.
Each solid fraction has some Identifying characteristics. The dis
solved solids have a particle size range from molecular to colloidal di
mensions. They originate from the urine and fecal soluble portions.
Physical methods are ineffective in removing nutrients and energy material
to support mlcroblal activity. It Is necessary, therefore, to provide ad
equate treatment before recycling or discharge.
Fine, near-colloidal-size, particles characterize the second fraction.
Digested feed material largely composes this fraction. The particles tend
to aglomerate into a floe while suspended in the flushing liquid. The
floe will fall out of suspension at a very slow rate during quiescent set
tling. Centrifugatlon seems the most feasible method for removing these
solids. Because of the large surface-to-volume ratio and high nutrient
content, a satisfactory alternative to removal would be stabilization by
biological treatment.
A coarse sediment composed o£ undigested feed particles, hulls, hair,
and grit constitute the third fraction. When stream velocities are re
duced, such as in collection tanks, this sediment drops out of suspension
rapidly• In less than one minute, virtually all of this coarse material
will drop out of suspension during quiescent settling. With its low sur
face-to-volume ratio and lignaceous character, this fraction is resistant
to rapid biological decomposition. Though not quickly available, the
energy content is the highest of the three fractions. It Is, therefore,
necessary to consider its long range pollution potential.
A comparison among the three fractions was made to obtain a prelim
inary evaluation of some of their physical and chemical properties. Table
1 demonstrates the moisture content, nitrogen content, and chemical oxygen
demand (COD) of each fraction. The slurry used is not necessarily of typ
ical composition, but rather one sample of a flush in Unit K at the Iowa
State University Swine Nutrition Station. The coarse sediment was ob
tained by screening the solids with a window-screen mesh and washing with
the screened liquid. The screened liquid was laboratory centrifuged until
the fine solids collected at the bottom. The siphoned liquid, or super
natant, was analyzed for the dissolved solids. The settled floe was ana
lyzed as the fine solids.
The dissolved solids have a relatively low COD. These solids are
mainly oxidized metabolic by-products and inorganic salts. By comparison,
the coarse sediment carries an extremely high COD. This group contains
many undigested carbonaceous compounds, such as lignin and cellulose.
While coarse solids provide high COD values, their blodegradabillty is
very low. The fine solids exhibit a COD that lies between the extremes
Table 1. Characteristlcs of the three manure solids fractions
Fraction
Dissolved solids
Fine solids
Coarse sediment
htoisture
Content
% w.b.
99.5
91.8
78.4
lb COD/lb d.m.
0.39
0.51
0.98
Total
Nitrogen
% d.b.
10.6
11.9
1.17
and have been previously digested sufficiently to reduce their osgrgen de
mand to about one-half the value of the coarse solids.
Dissolved and fine solids show similar total nitrogen values. The
nitrogen formsj however, are probably different. One would expect to find
soluble ions, such as nitrate and ammonium, in the dissolved solids. "Rie
fine solids most likely contain more organic nitrogen--protein, amino
acids, nucleic acids, etc, "Hie coarse sediment is extremely low in nitro
gen. This would indicate the presence of few nitrogenous compounds except
hair protein.
With the magnitude of differences in chemical and physical properties
among the fractions, it is doubtful that one treatment method would be op
timal for all fractions. It may be desirable, therefore, to treat each
fraction in a different manner to take advantage of their properties, and
physical separation of the fractions becomes of interest.
Settling rates of the previously described sample were evaluated.
The sample was placed Into a 1,000 ml graduated cylinder. At timed inter
vals, a 5 ml pipette sample was extracted from the liquid at a depth of 1
inch. Sediment and fine solid levels were recorded at these intervals.
8Gravimetric procedures were used to determine solids contents of the liq
uid. A sample of the supernatant was centrifuged to determine the minimum
obtainable solids concentration. Total solids concentration of the sample
during agitation and after centrifugation are shown in Table 2. Super
natant quality data and sedimentation data are shown in Table 3. Figures
1 and 2 illustrate the effect of time upon these parameters.
Table 2. Total solids concentration (mg/1.) of samples taken from flushed
swine waste
Trial Agitated Sample Centrifugate
1 49,100 5,690
2 48,600 6,080
3 53,910
Average 50,537 5,885
From Tables 2 and 3, it is apparent that the total solids concentra
tion drops immediately to less than half of the Initial value. The rapid
sedimentation of the heavy solids, as shown in Figure 2, is responsible
for this result. In less than one minute, almost complete sedimentation
of the heavy solids occurs.
The fine solid floe settles much slower. From Figure 2, a fine solids
level appeared only after 5-10 minutes had passed. This occurrence is re
flected in Table 3 and Figure 1. Supernatant solids content declined
steadily for the first 5 minutes. During the 5-10 minute period, the fine
solids front passed the sampling point. The supernatant solids content
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Table 3. Supernatant quality and sediment levels during quiescent set
tling of flushed swine waste after agitation
Total Heavy Fine
Supernatant Sediment Sediment Solids
Time Total Solids Level Level Level
(minutes) (nig/1.) (ml) (ml) (ml)
0,0 50,537 X** X** X**
1.0 22,820 260 260 X**
1.5 22,380 270 270 X**
2.0 22,140 275 275 X**
3.0 21,260 275 275 X**
4.0 20,420 280 280 X**
5.0 20,050 280 280 X**
10.0 10,590 650 270 380
20.0 9,960 530 260 270
40.0 8,800 485 255 230
60.0 8,050 465 250 215
*Total sediment = heavy sediment + fine solids.
**Indicates no measurable level.
dropped coincidentally with this movement. After 10 minutes, supernatant
solids content declined slowly and leveled off at approximately 8»000 mg/l.
Considering the centrifugate quality, the estimated limit of the superna
tant quality is approximately 6,000 mg/l.
If the Initial drop of supernatant quality from 30,537 mg/l resulted
from the settling of the heavy sediment, quantification of each fraction
is possible. The heavy sediment represents the difference of these values.
The dissolved solids represents the centrifugate total solids value. The
fine solids can be determined by subtracting the two identified values
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from the initial concentration. Table 4 summarizes these results and
combines them with Table 1 to evaluate the COD and total nitrogen contri*
bution o£ each fraction.
Table 4. Solids, COD, and total nitrogen contribution of manure fractions
of flushed swine waste
Solids
Contribution COD Total Nitrogen
Fraction % of Total % of Total % of Total
Dissolved solids 11.6 5.9 22.7
Fine solids 33.5 22.3 66.7
Heavy sediment 54.9 71.8 10.6
The heavy sediment contributes over half of the total solids and al
most three-fourths of the total COD. It adds little to the nitrogen con
tent. The fine solids fraction is the major contributor of nitrogen. It
must be remembered that these results originate from only one sample and
that variations among samples can be great, depending upon the previously
mentioned variables.
The COD values are not intended to be an index of biodegradability in
the sense of the 5-day biochemical oxygen demand (BOD), The fine and dis
solved solids probably have high BOD^ values. The biologically resistant
character of the heavy sediment restricts its short term BOD. If long-term
pollution potential is considered, however, the high COD of the heavy sedi
ment may become significant with respect to biologically demanded oxygen.
13
The appearance of the settled suspension Is depicted In Illustrations
1 and 2, The sample used was not the same as in the previous analysis.
The relative and total amounts do vary from what was used In the analyzed
sample. The heavy sediment Is well compacted when compared to the floe
accumulation. The separation between the floe and supernatant Is well de
lineated.
14
Illustration 1. Settled flushed swine waste
'ix'v.>, ^ -1^
11
Illustration 2. Fine solids level in quiescently-settled, flushed swine
waste
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SOLIDS HANDLING
R. J, Smith (11) monitored a swine waste system featuring a biological
treatment facility and dunging channels flushed with treated and recycled
waste water. Suspended solids, particularly the coarse sediment, presented
mechanical difficulties. Flow problems occurred where velocities decreased
and solids settled out. Flow restrictions and plugged lines were common.
Pump failures were frequently encountered because of the abrasiveness of
the coarse solids. Hog hair accumulations were quite unruly, especially
where screens and filters were used. Smith suggested removal of the coarse
solids prior to handling and treatment. As previously noted, removal of
all coarse sediment could reduce the COD load upon the treatment facility
by 70 percent. The remaining fraction would be more acceptable for bio
logical degradation.
Various techniques are available that will remove suspended solids.
L, Holmes (4) discussed several of these alternatives. Coarse sediment
can be removed from the suspension satisfactorily by screening or quiescent
settling. The screening method must be approached cautiously. A combina'
tion of hog-hair and microbial protoplasm soon creates a nearly impervious
mass. Periodic backflushing generally remedies the situation.
If the fine solid floe is desired, centrifugatlon seems the most
feasible alternative. The high acceleration compacts the mass into a cake
and eliminates the problems of dispersion and high moisture content of the
removed material. Centrifugatlon, unfortunately, is a costly treatment
operation at present. Operational costs are high because of the energy re
quired to accelerate the mass, and industrial type centrifuges that ade-
16
quately separate solids have a high initial cost. Unit prices commonly
range from 10,000 to 20,000 dollars. Perhaps a more desirable alternative
at present is to be content with removing only the coarse sediment.
The separated solids are far from being inert because the COD values
indicate that energy is certainly present. The protein content, though
low, is sufficient to support an excellent microbial population. The prob
lem of determining a method of handling, treatment, and disposal of the
solids must be examined.
Many methods are available for the stabilization or disposal of manure
solids. Incineration, refeeding, bacterial digestion, and dehydration are
methods that are being employed to eliminate the solids problem. Most of
these methods are too expensive at present to be acceptable to the major
ity of livestock producers.
Land has been used historically as the ultimate disposal site. The
land, because of its large volume, can stabilize large quantities of waste
material. Stabilization by soil microbes occurs with ease similar to the
native organic matter.
Proper loading of soil, reflected by proper distribution, will indeed
stabilize the waste. Loading must not be so heavy that runoff water will
carry undesirable levels of the manure nutrients with it. If the level of
application is too heavy, microbes may evolve gases with noxious odors.
Contamination of the ground water is also a threat under heavy loading.
Returning animal waste to the land will continue to be an acceptable
practice for future livestock systems, though time periods available to the
producer to apply the waste will be restricted. Legal requirements will
limit applications to months when the soil surface is not frozen. When
17
crops are present, applications to the ground are difficult. Available
labor shortages further reduce the time periods within a year ^en manure
can be applied.
The obvious alternative is a storage facility to bridge the applica
tion intervals. Projected regulations will impose restrictions with re
spect to odor emission and runoff control (1). The day of the unmanaged
manure heap has passed in many locales. Surface water must be diverted
around storage locations. In some instances it may be necessary to cover
the waste material in storage.
Odor control can be achieved through control of decomposition. Many
of the products of anaerobic metabolism are gases with obnoxious odors.
Control can be exerted upon microbes by limiting one or more of their
growth factors, i.e., an environmental condition or material required by an
organism to exist and proliferate. Temperature, hydrogen ion concentration,
moisture content, nutrient supply, energy supply, and atmosphere composi
tion are examples of growth factors.
Other methods of odor control are available. Masking with chemicals
has been tried. Many of the odorous gases are in a reduced oxidation
state. Oxidation of these gases generally renders them more acceptable.
However, controlling mlcrobial activity has the advantage of eliminating
the odor source, rather than treating the problem symptomatically.
Another consideration of storage systems is the adaptability of the
material to handling systems. The manure solids can be handled as a fluid,
semi-fluid, or solid. Fluid and semi-fluid systems are subject to the same
mechanical difficulties encountered by Smith (11). In addition, storage
must be allocated for the extra water required. Solid materials handling
18
is a conventional manure handling method. Equipment required to handle a
solid is easily acquired and serviced. Inclined elevators, augers, belt
conveyors, endloaders, and trucks are all examples of this type of equip
ment.
In summary, hydraulic handling is a desirable and natural method of
removing waste. The effectiveness of treatment systems that complement
hydraulically transported waste can be enhanced, however, by removing the
coarse solids. Land application of the solids is a reasonable method for
disposal, but solids storage for extended periods of time is necessary be
cause of the limited time periods available for application. Manure solids
in storage must be in an easily handleable form, have minimal odor emis
sion, and must not contaminate runoff water.
19
SOIL-LIME-MANURE PELLETS
The major effort in this Investigation was to examine a specific
method of processing coarse manure solids that conceivably satisfy the pre
viously described storage requirements. In the preliminary work, separa
tion of coarse solids seemed adequately demonstrated to be feasible.
Of primary interest was odor control. An inhibited microbial popula
tion was deemed the superior mechanism for controlling odor, and several
means are available to retard biological activity. Hydrogen ion concentra
tion or pH is a growth factor easily controlled. Each micro-organism has a
pH range where survival is permitted and an optimum pH where it prolifer
ates most rapidly. As few organisms can exist below pH 3 or above pH 10,
activity can be arrested by establishing environments in these ranges.
Moisture content is a second growth factor that can be easily con
trolled. With a more one-sided survival range than pH, control is best
exerted at lowered moisture contents. It Is well documented that dried
manure carries almost no odor (13).
The availability and relative ease of mechanically harvesting and
handling soil makes it a desirable desiccant for controlling moisture con
tent of a mixture. Also, soil naturally contains the variety of microbial
activity ultimately needed for stabilizing organic wastes.
Lime is not only an amenable additive to most soils, but it also is
readily available, relatively low cost, and effective for pH control. Lime
perhaps also offers some desirable adjustments to the physical character
istics of the mixture. Thus, the idea conceived was to stabilize the sep
arated solids by incorporating them into a soil-lime mixture.
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Koelliker^ demonstrated that mixing dry soil and lime with swine ma
nure in a tumbling apparatus did, in fact, yield a material that appeared
biologically stable. The odor level was low and inoffensive. The material
tended to form balls or pellets during tumbling.
Considering this information and the requirements of storage, it was
hypothesized that a stable, storable product could be obtained by mixing
the coarse manure solids with soil and lime. Following the incorporation
step, the material should be pelleted. The pellet would provide a discrete
unit that could be mass handled similar to grain. Conventional handling
equipment could be used in required transport operations. By compacting
the material into a pellet, perhaps some further biological control could
be exerted. Russell and Richards (9) noted that compaction of a manure
heap had a depressing effect upon microblal activity.
The soil serves as a binding agent for the pellets and as a desiccant.
The soil used in the investigation is a locally obtained Webster silty-clay
-loam. The soil has a high clay and organic matter content, \^ich enhances
the cohesiveness and moisture holding capacity.
Lime serves to regulate pH and absorb moisture. Ground agricultural
limestone was initially designated to serve as the pH regulator, but the
maximum obtainable pH for limestone (CaCO^ and MgCO^) was below that de
sired in the experiment. Preliminary examinations demonstrated that a mod
est amount of manure mixed solely with limestone left an adequate medium
^oelliker, J. K., Iowa State University, Ames, Iowa. Private
communication, 1971.
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for microblal activity. Coranercial hydrated lime (Ca(0H)2 and MgCOH)^)
was substituted and permits a higher pH value. A comparison of the pH
values of tine two alkaline materials is given in Table 3«
Table 5. Comparison of pH values for two alkaline materials
Treatment Trial
pH of
Ground Limestone
pH of
Hydrated Lime
Saturated slurry 1 9.52 12.91
2 9.50 12.93
Saturated slurry
centrate 1 9.44 12.89
2 9.42 12.86
The maximum pH of limestone is insufficient to exceed the survival
range of many organisms. Hydrated lime offers a potential pH that can ren
der adequate control.
22
PROCEDURE
Experimental Design
Typically, any Investigation of a biological system is confronted with
an almost infinite number of variables that could be examined. In this re
search, the four constituents of the pelleted material were selected--8oil
content, lime content, manure content, and moisture content. Knowledge of
any three of the variables yields the fourth. Hence, there are but three
independent variables. Treatments are obtained by varying manure content,
lime content, and moisture content. Each variable was evaluated at four
levels, or 64 treatments in all. The treatments are tabulated in Table 6.
The variable ranges were chosen to include most projected situations. Pre
liminary tests were performed to insure that the treatment levels would
yield a significant range of values in the Investigation results.
Table 6. Primary variable values
Variable
Lime content (% d.b.)
Manure content (% d.b.)
Moisture content (% d.b.)
Level
1
0
2.5
15
Level
2
2.5
5.0
20
Level
' 3
5.0
10,0
30
Level
4
10,0
20.0
40
Sample Production
A Webster silty-clay-loam, removed from a nearby field, served as the
experimental soil. The soil was sifted through a No. 8 sieve to eliminate
23
clods, dried to 3% d.b. in a mechanical dryer, and stored in a closed con
tainer. The soil is shown in Illustration 3.
The coaaaercial hydrated lime (mason's lime) was locally procured from
a lumber company. The material was sifted through a No. 8 sieve to assure
better uniformity and sealed in a plastic bag until usage.
'^e manure samples were obtained from the flushing gutters in Unit K.
Hogs within the finishing house ranged from 40 to 230 lb. Their ration
was a complete feed mainly composed of ground shelled corn and soybean
meal. The collected waste was placed upon a window-screen mesh and washed
with tap water. The retained material was considered to be the coarse sed
iment fraction of the slurry. The wet coarse manure solids are depicted in
Illustration 4. The manure was first partially air-dried in a mechanical
dryer with no supplemental heat added. The material was then sifted
through a one-fourth inch screen to eliminate aggregated material and the
solids further dried to a moisture content of 97» d.b. Finally, the manure
solids were stored at room temperature in a sealed plastic bag. The mate
rial was now dry enough to eliminate microbial activity and odors.
Appropriate amounts of each dry constituent were placed in a plastic
pail, manually mixed to obtain homogeneity, and tap water added to bring
the mixture to the desired moisture content. Moisture contents were ac
ceptable if within 1% of the selected value.
Experiments were carried out to determine a pelleting method. A ro
tating drum was initially tried. The materials were placed within the drum
prior to mixing and rotated for a period of time. Wet manure was used and
tended to form balls. The soil and lime coated these spheres. Very low
energy input was required to produce pellets in this fashion.
24
Illustration 3. Webster silty-clay-loam
Illustration 4. Wet, coarse manure solids
i
— J •: .>.'
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Several drawbacks surfaced while testing this method. The sizes of
the pellets were difficult to control. Mien pellets were large, a wet
manure of disproportionately large size was present. This type of pellet
is not biologically stable because the area available for moisture trans
fer to the surface coating is small compared to the volume, and moisture
transfer is slow. The desirable Ingredient percentages were also difficult
to obtain because many fines and unused portions remained on the drum bot
tom. Difficulties could be expected in obtaining uniform samples for eval
uation.
Prior mixing and controlled pellet geometry were requirements of the
desired device. Extrusion was a likely choice and proved workable for
certain treatments. There was, unfortunately, a wide range of physical
properties of the mixture throughout the treatment range. A number of dif
ferent extruder heads would be required to pelletize all of the treatments.
A closed-end compression die was tried, and it produced homogeneous,
geometrically uniform pellets for all treatments. Though more laborious
than the previous methods, it yielded the most satisfactory results. A
hollow steel shaft with a 1-inch opening served as the cylinder and a solid
steel shaft was machined to serve as the compression piston. The device is
shown in Illustration 5.
The mixture was placed Into the closed-end cylinder. The piston was
placed into the cylinder, and an axial force was applied. The piston force
was initially assumed to be a critical parameter requiring standardization.
Increasing the piston force over 50 lb. altered the physical properties
very little, however, so stringent control was deemed unnecessary if a min
imum of 50 lb. was applied. Exceptions occurred at some high moisture con-
26
Illustration 5. Closed-end compression die pelleting device
27
tent treatments. With piston forces above 100 lb., seepage caused moisture
content errors. Care was taken to avoid excessive force with these treat
ments .
Experimental Tests
The purpose of the various tests is to evaluate pertinent properties
of each treatment. Physical, chemical, and biological characteristics are
included.
Pellet density
Pellet density is an important physical property because it identifies
needed capacities. Pellet density was determined by measuring the volume
and weight of sample pellets formed by applying approximately 80 lb, of
force to the 1,0 inch piston for a duration of 10 seconds. After Immediate
removal from the die, the length dimensions were measured with a vernier
calipers within 1/32 inch. If measured immediately, the diametric dimen
sion so closely approximated 1 inch that it was not necessary to measure
for all treatments. Some treatments tended to expand and granulate after
a short period of time, so prudent haste was required in recording the di
mensions. The weights were measured on a triple beam balance within 0.1
gram. Three pellets were dimensionally measured and then weighed together
for each treatment.
Durability
Durability, or the ability to maintain dimensional stability, is Im
portant from a materials handling aspect. Highly durable pellets are de
sirable, as excessive amounts of fines create many problems, e.g., a dust
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that is aesthetically unacceptable, impairment of efficiency of transport
devices, or bridging in storage that hinders removal operations.
A durability test for hay wafers is specified in the American Society
of Agricultural Engineers Yearbook (2), The specified test, however, is
too severe for the pelleted material under observation, so a less rigorous
but similar test was devised. A cylindrical drum was fabricated with a 1-
foot diameter and a 1-foot length that rotated on its centerline axis.
The drum ends were 1/2-inch plywood and the circumferential surface was
covered with 3/8-inch square hardware screen.
A known weight of the pelleted material (approximately 150 gram) was
placed within the drum. The drum was rotated 20 revolutions at a rate of
approximately 30 rpm. Fines falling through the screened drum walls were
collected and weighed on a triple beam balance 0.1 gram). The parameter
used to represent a durability index was the percentage of material re
tained within the drum.
Nutrient content
Nutrient content of the material Is of Interest from a soil amendment
standpoint. It can also indicate the potential contribution of the mate
rial to water pollution. The fertility content is an economic bonus, and
adds to the economic feasibility of the overall system.
Manure solids were analyzed for their nutrient content by a consulting
analytical chemistry laboratory. The firm performs official fertilizer
analysis for governmental agencies.
Nitrogen content was determined by the Kjeldahl total nitrogen method.
The value represents the sum of the organic and inorganic portions. TSie
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phosphorus analysis commenced with an ashed manure solids sample that was
analyzed for total phosphorus. The value represents the organic and In
organic portions* The potassium analysis involved the water soluble por
tion of the total amount. After elutrlation of the solids, the analysis
was performed upon the solution.
Energy content
The energy content of the material is Important In a biological sense.
Microbes utilize the stored chemical energy to grow and multiply, hence
storage stability Is associated with energy content.
The COD test gives a good approximation of the amount of organic mat
ter in a material. COD values were obtained by a wet combustion process
(14), Soil and manure were each evaluated. Weighed samples were digested
with standard potassium dlchromate in a concentrated sulfuric acid solu
tion. Each sample was boiled on a heat plate with a reflux condenser.
Unused dlchromate was determined by titration with standard ferrous ammo
nium sulfate. The oxygen required to oxidize the material was calculated.
The COD values for each treatment were calculated from known CCM)
values of the ingredients. It was felt that ambiguity In results would be
reduced by reliable values for the constituent materials, rather than ana
lyzing each treatment.
Carbon evolution
Probably the most important parameter to be investigated is biological
activity. If successful storage is to become a reality, adequate biolog
ical control is essential. Measuring the rate of respiration of all or
ganisms in storage will yield an index of activity, thus carbon dioxide
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evolution was measured over time for each treatment. A low CO2 production
indicates little biological activity and, presumably, a more stable mate
rial.
The soil, lime, and manure mixtures were incubated for 12 days to
determine the CO2 evolution rate. Thirty grams of each treatment were
placed into 1-quart fruit jars and sealed. Jar caps were loosened at 2-
day intervals to allow the oxygen supply to replenish. The ambient temp
erature of the incubations was 68° 3° F. A vial of standard sodium hy
droxide solution was placed within the Jar. The sodium hydroxide absorbs
the carbon dioxide in the atmosphere and converts it to sodium carbonate
by the following relationship:
CO2 + 2NaOH > Na^CO^ + H2O
After the 6-day and 12-day periods, the vials were removed for anal
ysis. An excess of barium chloride was added to the vials. The barium
combined with the carbonate ions and precipitated, leaving the unused so
dium hydroxide in solution. The following expression relates this activ
ity:
Na^CO^ + BaCLj ^ BaCO^^ + 2NaCl
The solution was titrated to neutrality with standard acid to determine
the amount of unused base. For every mole of NaOH used, one-half mole of
CO2 was absorbed.
There is an Inherent Interference in this test. The lime can absorb
COj in a manner similar to the NaOH, the effect more pronounced at higher
lime levels. A comparison was made using identical non-lime treatments.
In one trail, a vial of damp lime was placed along with the vial of NaOH,
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The CO^ uptake was not greatly less where the lime was present, hence the
interference was deemed insufficient to negate the experiment. The lower
lime levels, however, will probably yield more accurate results.
Temperature rise
Another index of stability can be obtained by measuring the tempera
ture rise within a material during storage. Heat is evolved coincident
with the oxidation of energy materials by microbes. With sufficient bio
logical activity, a rise in temperature ensues.
A system of copper-constantan thermocouples were used to measure tem
perature rises. A Honeywell self-balancing potentiometer with a direct-
reading temperature dial was employed.
One-quart fruit jars served as the incubation vessels. Each jar was
insulated with 3/4-inch fiberglass steam-pipe insulation. Holes were
drilled through the jar lids to accommodate the thermocouple leads and
sealed with glazing compound after thermocouple installation. The active
thermocouple junction was located at the center of the jar. Chamber tem
perature was 68° - 3^^ F,
Hie jars were filled completely with a sample from each treatment.
Temperatures were measured every 3 days for a period of 12 days.
Hydrogen ion concentration
pH was measured before and after pellet incubations. The hydrogen ion
concentration is related to the soil used, the amount of lime, and the bio
logical activity. The lime dissociates into the cation with accompanying
hydroxide ions and drives the pH upward. Biological activity often yields
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end-products that Include organic acids. Dissociation of these acids pro
duces hydrogen ions, depressing pH.
The pH of the material was determined with the soil pH method (10).
One unit of mixture was added to two units of distilled water. The slurry
was mixed and allowed to incubate for 30 minutes. Presumably, most of the
available hydrogen (or hydroxide) ions would be in solution at this time.
The pH of the suspension was determined with an electronic pH meter.
The soil pH method may not give an accurate representation of the
actual pH within a pellet. Moisture content and micro-environment can be
expected to vary within a pellet. Associated pH variations can be expected
throughout the pellet, therefore, the soil pH method only gives an average.
Even so, the soil pH method was chosen because it is quick, convenient,
and reproducible; and the pH variations within the pellet would be very
difficult to measure and not significantly more meaningful.
Ammonia evolution
The evolution of ammonia was looked upon with interest. Release of
unusual amounts of ammonia can Indicate a potential odor problem. Further,
if soil amendment qualities of the material are to be conserved, the rate
of nitrogen loss is important. From these viewpoints, It would be desir
able to depress the amount of nitrogen evolution.
On the other hand, many waste treatment systems are plagtied by an in
ability to reduce the nitrogen content. The energy material may have been
neutralized sufficiently to permit disposal, but the high nutrient content
prohibits this course. Consequently, there ney be situations favoring
nitrogen loss.
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It is assumed here that ammonia is the only nitrogen form evolved. It
is possible, of course, that some NO forms are evolved where oxygen sup-
plies are deficient, but this Is likely to be a small portion of the
evolved nitrogen.
The ammonia evolved emanates from two sources: chemical and biolog
ical. The chemical reaction is related to the following expression:
NH^"^ +oh" +H2O
Increasing the pH (or OH concentration) drives the equilibrium to the
right. Hence, we would expect high pH values to be positively correlated
with ammonia loss.
During biological activity, nitrogen containing materials, like amlno
acids, can be deaminated. Deamination can lead to ammonia evolution. When
a material is poorly ensiled, ammonia is often evolved. The bacteria
deaminate proteins and use them as energy sources.
Ammonia evolution was measured using the boric acid absorption method
(15). 100-gram samples were placed in 1-quart fruit jars. Vials of boric
acid, with a concentration of 20 g/1, were placed in with the sample and
the jars were sealed. The vials were analyzed at 6-day intervals for a
duration of 18 days. The removed vials were titrated with 0.02 N sulfurlc
acid, using a mixed indicator, and the airmonia nitrogen directly calcu
lated.
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DATA
The necessary chemical properties of the constituent materials are
given in Table 7.
Table 7. Chemical properties of ingredients*
Ingredient
Moisture
Content <
(%) '
COD
^ g O2 \
^ dry matter/
Total
Nitrogen
(%)
Phosphorus
(%)
K2O
a)
Soil
Manure
3.0
9.0
0.055
1.09
0.154
2.33** 0.68** 0.63**
*A11 values on a dry matter basis
**Value8 obtained at Woodson-Tenent Laboratory.
Properties and experimental data are given in Tables 10, 11, and 12 in
the Appendix. The ingredient material contents of each treatment are list
ed as percentages on a dry weight basis.
The COD values are given for each treatment. The values represent the
contributions from the soil and manure, COD is expressed as grams of 0^
demanded by 1000 grams of dry matter.
The nutrient content expresses the fertility value of the stored ma
nure only. Nitrogen, phosphorus, and potash (K2O) are expressed as a per
centage of the dry weight.
Pellet density of each treatment Is expressed in terms of Ib/ft^,
The durability index represents the percentage of material that did
not lose integrity during the test.
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Initial pH represents the value obtained prior to incubation. Final
pH represents the value obtained after a 12-day incubation. The average pH
is the simple mean of the two values. Change in pH pH) indicates the pH
depression that occurs during incubation.
CO2 evolution is tabulated in a cumulative manner for the 12-day in
cubation period. The unit of measure is the CO^ evolved divided by the
COD X 100. The value facilitates a better comparison among treatments than
does absolute evolution amounts. The COD can be considered an indication
of carbon content and expresses the contribution of the soil and the manure
solids. The CO2 evolved is directly proportional to the carbon evolved.
The tabulated value represents a modified percentage of the carbon evolved.
Ammonia evolution data is tabulated in cumulative order for the 18-day
incubation. The unit of measure equals the aomonia nitrogen evolved divid*
ed by the total nitrogen originally present in the soil and manure. The
units express the percentage of nitrogen that evolves during incubation.
Temperature increase data is shown in Table 12. The values are given
in Fahrenheit degrees and it represents the difference between incubation
and ambient temperatures for a 12-day incubation. The maximum temperature
differential encountered for each treatment is also listed.
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RESULTS
Fellet Density
Pellet density was examined to determine the Influence of lime c<xi-
tent, manure solids content, and moisture content. Density values encoun-
3 3
tered ranged from 67.1 lb/ft to 117,0 lb/ft .
Density values for wet manure particles approximate the density of
water (17), The particle densities of the other dry ingredients--8and,
silt, clay, llme--are much higher. Therefore, pellet density is obviously
dependent upon manure solids content. Increasing manure solids lowers pel
let density, as Illustrated in Figures 3-6.
The particle sizes of the manure solids are much larger than the other
Ingredients. If the other ingredients fail to completely fill the void
spaces, a decline in density would be expected. Figure 7 Illustrates the
effect of the manure solids upon pellet density, averaged over varying lime
content treatments.
Pellet density Increases when the moisture content Increases, as
shown in Figure 7. As moisture content increases, gaseous void spaces are
filled with water, leading to a higher gross density. The rate of Increase
declines at the upper end of the moisture range. The results suggest that
void spaces are becoming saturated, and the replacement of air with water
is no longer occurring. Figure 8 depicts the effect of moisture content
upon pellet density, averaged over the varying lime content treatments.
Lime content has only minor influence upon pellet density. The rela
tionship between pellet density and lime content, averaged over varying
moisture content treatments, is illustrated in Figure 9, The plots are
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Figure 3, Effect of manure solids content upon pellet density at 15%
(d.b.) moisture content
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Figure 4. Effect of manure solids content upon pellet density at 20%
(d.b.) moisture content
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Figure 7, Effect of manure solids content upon pellet density, averaged
over varying lime content treatments
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Figure 8, Effect of moisture content upon pellet density, averaged over
varying lime content treatments
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Figure 9. Effect of lime content upon pellet density, averaged over vary
ing moisture content treatments
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essentially horizontal after the 2.57o lime content level. The Initial drop
in density could result from the absorption of free water by the lime,
leading to more gas'fllled void spaces.
Durability
Durability is Influenced by all three primary variables. There are
interactions among the variables In that the effect of one variable differs
as the other variables are changed.
Increasing the manure solids content has a depressing effect upon
durability, as Illustrated in Figures 10-13. In all instances, durability
falls below an index of 20 when the manure solids content reaches 207e.
The rate of durability decline is partially dependent upon the other vari
ables .
Durability generally increases as moisture content increases, as il
lustrated in Figures 14-17. Again, the rate of increase for one variable
is affected by the remaining two.
The effect of lime content is variable, as depicted in Figures 18-21.
In all treatments, adding 2.5% lime decreases durability, while further
additions either increase or decrease durability, depending upon the values
of the other variables.
Resistance to shock loads is Improved as internal forces within pellet
are developed. Fiber interlocking, surface tension, hydrophillc attrac
tion, and chemical bonding could account for changing Internal strength in
this type of material.
Little fiber Interlocking Is expected because, with the exception of
a small amount of hair, the material Is basically particulate. The other
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Figure 10. Effect of manure solids content upon pellet durability for
0% lime treatments
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Figure 11, Effect of manure solids content upon pellet durability for
2.5% lime content treatments
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Figure 12, Effect of manure solids content upon pellet durability for
5% lime content treatments
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Figure 13. Effect of manure solids content upon pellet durability for
10% lime content treatments
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Figure 14. Effect of moisture content upon pellet durability for 2.57^
manure solids content treatments
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Figure 15. Effect of moisture content upon pellet durability for 57,
manure solids content treatments
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Figure 16. Effect of moisture content upon pellet durability for 10%
manure solids content treatments
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Figure 17. Effect of moisture content upon pellet durability for 20%
manure solids content treatments
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Figure 18. Effect of lime content upon pellet durability for 2.5% manure
solids content treatments
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Figure 19. Effect of lime content upon pellet durability for 5% manure
solids content treatments
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Figure 20. Effect of lime content upon pellet durability for 10% manure
solids content treatments
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forces could quite plausibly apply, and thus explain the variations and
Interactions of the variables pertaining to durability.
Manure solids are hygroscopic and tend to absorb more moisture than an
equal volume of soil. Increasing manure solids will decrease the amount of
free water, causing a decrease in surface tension bonds. As the manure
particles are larger than the other ingredient particles, less surface area
is available for internal forces to act across in high manure mixtures.
Lime molecules absorb free water by chemical hydration causing a re
duction in surface tension forces. If the proper amount of moisture is
present, lime will bind materials together as in a masonry application.
Further additions of water cause dispersion and weakens the bond.
Figure 18 shows that at the 2.5% manure solids level, durability de
creases with the 1,5% lijite addition. The result suggests that the free
water is being absorbed and there is insufficient lime to cause binding.
Durability decreases even more with a decline in moisture content. Further
additions of lime yield an improvement in durability. The lime is acting
as a chemical binding agent, particularly in the higher moisture content
treatments.
The trend is similar in Figure 19, except the binding activity of the
lime begins to disappear. There is no lime binding activity remaining at
the 10% manure solids level in Figure 20. The increased amount of manure
solids apparently absorbs enough moisture to prevent the lime from serving
in a binding capacity.
At the 20% manure solids content, negligible durability exists. At
this point virtually no free water exists to originate surface tension
b<mds.
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A correlation between pellet density and durability was suspected, and
a scatter diagram, illustrating the comparison between the two properties,
was drawn (Figure 22), A positive correlation between durability and pel-
let density exists above densities of 90 lb/ft • It is apparent that a
significant increase in pellet durability is obtained only when pellet
densities exceed 100 lb/ft .
pH
Hydrogen ion concentration (pH) was recorded for each treatment before
and after a 12-day incubation. The values were averaged and ranged from
6-45 to 12.50.
Lime content has the greatest influence on pH, as illustrated in Fig
ures 23-26, At the lower manure solids levels the curves are "S-shaped",
The initial lime additions are used on the exchange complex, resulting in
more available H ions in solution. Further additions of lime yield a more
rapid pH increase followed by a leveling off. The upper end of the lime
content range is more typical of the normal logarithmic pH curve.
The "S-shaped" curves become more linear as the manure solids in
crease, as shown in Figure 26. The manure solids evidently cause this buf
fering effect by supplying a larger exchange complex.
The effect of manure solids upon pH, averaged over varying moisture
content treatments, is shown in Figure 27. Except at the 10% lime level,
increasing manure solids causes a decrease in pH.
The moisture content of the treatments affects the pH very little as
shown in Figures 23-26.
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Figure 23. Effect of lime content upon average pH for 2.5% manure
solids content treatments
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Figure 24. Effect of lime content upon average pH for 5% manure solids
content treatments
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Figure 25, Effect of lime content upon average pH for 10% manure solids
content treatments
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Figure 26, Effect of lime content upon average pH for 20% manure solids
content treatments
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Figure 27. Effect of manure solids content upon average ph, averaged
over varying moisture content treatments
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Temperature Rise
Collecting data for the storage temperature rise proved quite diffi
cult, and trends that were to be examined did not develop in many cases.
Temperature rise was less than lO'' F in all instances. Experimental error
or "system static" was estimated to be at least 2^ F, leading to unreliable
measurements correlating time and temperature rise. It is doubtful the
data obtained could be directly applied to a prototype system.
The results, however, do provide an index of biological stability
among the treatments, ^e parameter chosen for this discussion is the
maximum temperature rise encountered during the 12-day incubation. The
maximum temperature occurred most frequently during the 9th-day measure*
ment.
Of the three primary variables, lime content and manure solids content
were the most influential. Moisture content did not consistently affect
temperature rise. Figure 28 Illustrates the effect of moisture content on
temperature rise, averaged over the lime content and manure solids content
ranges. The averaged temperature rise variation throughout the moisture
content range is less than 0.5^ F, As maximum temperature rises were en
countered at all moisture content levels, this suggests that moisture con
tent is not a critical variable in the range investigated.
Figure 29 illustrates the effect of lime content upon temperature
rise, averaged over varying moisture content treatments. The initial 2.5%
lime application causes a temperature rise increase. Perhaps the lime is
satisfying a microblal mineral requirement or adjusting the pH to a more
suitable range. At and above the 5% lime level, maximum temperature rises
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Effect of lime content upon storage temperature, averaged
over varying moisture content treatments
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remain at or below 2° F. If 2® F is considered as the "system-static"
level, these temperature rises must be considered negligible.
Increasing manure solids leads to greater temperature rises for the
lower lime content levels, as depicted in Figure 30. More substrate is
available for microbes to utilize, and metabolic heat is produced. The
high lime treatments, however, create an environment which is unsuitable
for the organisms. If decomposition, rather than preservation, was the
goal, the low lime treatments would be of Interest. From Figure 30, tem-
perature-stable mixtures for 12 days can be obtained by a 5% lime applica
tion.
Carbon Dioxide Evolution
Lime Influences CO2 evolution. The 5% lime content treatments pro
duced minor amounts of CO2, while the 10% lime levels yielded virtually no
C02» Inherent measurement Interference could be partially responsible for
this phenomenon, yet the temperature rise and CO2 biological Indicators do
concur in many respects, adding reliability to the results.
Figures 31-34 demonstrate the effect of lime upon CO2 evolution. The
parameter used is the total 12-day CO2 evolution divided by the total COD
present. CO2 evolution is almost constant at the two lower lime levels for
2.5^ manure solids treatments. As manure solids Increase, peak evolution
occurs at the 2.5% lime level. The result concurs with the temperature
rise data and indicates that a nutritional or environmental requirement of
the microbial population is being Improved.
The influence of moisture content upon COj evolution depends upon the
other variables, as illustrated in Figures 35-38. At the lower two lime
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Figure 31. Effect of lime content upon CO2 evolution during a 12-day
incubation of 2.5% manure solids content treatments
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Figure 32« Effect of lime content upon CO2 evolution during a 12-day
incubation of 5% manure solids content treatments
o
o
§
CJ
«N
o
u
CN
O
u
72
o 15% moisture content
A 20% moisture content
• 30% moisture content
V 407» moisture content
4 6
Lime content, 7* (d.b.)
Figure 33. Effect of lime content upon CO2 evolution during a 12-day
incubation of 10% manure solids content treatments
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Figure 34. Effect of lime content upon CO2 evolution during a 12-day
incubation for 20% manure solids content treatments
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Figure 35. Effect of moisture content upon COj evolution during a 12-day
incubation for 2,5% manure solids content treatments
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Figure 36. Effect of moisture content upon CO2 evolution during a 12-day
incubation for 5% manure solids content treatment
Q
O
u
«N
o
u
s
o
f4
u
•-H
§
4)
CM
o
u
Figure 37.
30
25
20
15
10
o~i/h!
76
e 0% lime
A 2.5% lime
• 57o 1 ime
V 10% lime
20 25 3)
Moisture content, % (d.b.)
Effect of moisture content upon CO2 evolution during a 12-day
incubation for 10% manure solids content treatments
o
o
§
u
CN
o
u
c
o
•H
4J
d
o
>
9i
o
u
30
25
20
15
10
ol |/l 4
0 ^ 15
77
o 0% 1 ime
A 2.5% lime
• 57s 1 Ime
V10% lime
20 25 30
Moisture content, 7» (d.b.)
§
Figure 38. Effect of moisture content upon CO2 evolution during a 12-day
incubation for 20% manure solids content treatments
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content treatinenta, maximum CO2 evolution occurs at 20% moisture content
and, as the manure solids increase, progresses to the higher moisture con
tents. The variation of CO2 with respect to moisture content Is not great
at the 2.5% and 5.07o manure solids levels. However, at the 10% and 20%
manure solids levels, moisture content is a controlling factor because in
creasing moisture content significantly increases CO^ production. Perhaps
the nutrient-carrying water film is absent at the lower moisture contents.
From Figures 35-38 it is evident that the CO^ parameter increases with
increasing manure solids. As the manure solids of the mixture increase, a
greater share of the COD is contributed by the manure than by the soil. If
the manure COD is more biologically usable than the soil COD, the result is
expected.
Because CO2 evolution and pH are both strongly dependent upon lime
content, a relationship between the two seems likely. Figure 39 is a
scatter diagram comparing CO^ evolution and pH. The illustration does not
permit development of a functional relationship, but it does indicate that
above a pH 9, negligible biological activity occurs. It is worthy of men
tion that preliminary experiments produced visible growth in treatments
with a pH range of 9-10.
The CO2 evolution was measured over two consecutive 6-day time peri-
ods« If only the 0% and 2.5% lime content treatments are considered, an
average of 58.4% of the total CO2 for each treatment evolved in the first
6 days. The percentages ranged from 55.3% to 63.67» for the entire experi
ment. As only two time periods were investigated, no functional relation
ship is suggested. It is evident, however, that biological activity
peaked during the first 12 days.
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Animonia Evolution
Ammonia evolution is most dependent upon lime content, as demonstrat
ed in Figure 40. The parameter is the NH^-N evolved during 18 days divid
ed by the total initial nitrogen. No evolution was observed at the 0%
lime level and is relatively low at the 2.5% lime level. Further lime in
crements cause a sizable increase in NH^. Above the 5% level, the effect
tapers off, yielding an "S-shaped" curve.
Manure is the major contributor of nitrogen, therefore, its content
Influences the total amount of NH^ evolved. Figure 41 depicts the effect
of manure solids upon ammonia loss for higher lime treatments.
Ammonia evolution, as a percentage of the total nitrogen present, is
relatively unaffected by manure solids content, as shown in Figure 42, NH^
evolution decreases slightly as manure solids increase. Varying the nitro
gen concentration in storage, or more specifically, adding more inert mate
rial should have little effect upon NH^ loss.
The effect of moisture content on NH^ evolution is shown in Figure 43.
The effect of moisture content, on the whole, is negligible. Again, it is
clearly evident that lime content is very influential.
The effect of time upon NH^-N is depicted In Figure 44. The ordlnate
parameter represents the percentage of total NH^-N evolved during incuba
tion. The treatments considered are the upper two lime treatments, as
lower lime groups evolved negligible amounts. The rate of evolution de
creased with time. The 6-day evolutions ranged from 46.1% to 79.2% with
an average of 56.3%. The 12-day cumulative evolutions varied from 80.9%
to 98.2% with an average of 87.9%.
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Figure 40, Effect of lime content upon ammonia evolution during an 18-day
period, averaged over varying moisture content treatments
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Figure 41. Effect of manure solids content of amount of ammonia evolved
during an 18-day period, averaged over varying moisture
content treatments
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Figure 42. Effect of manure solids content upon ammonia evolution during
an 18-day period, averaged over varying moisture content
treatments
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Figure 43, Effect of moisture content upon ammonia evolution during an
18-day period, averaged over varying moisture content
treatments
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Figure 44. Effect of time upon rate of ammonia evolution for 5% and 10%
lime content treatments
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Because the treatments that evolved the most NH^-N were biologically
the most stable, the evolution Is largely an inorganic mechanism.
Qualitative Observations
Odors from incubations of the various treatments were subjectively
noted. A musty, earth-like odor came from many of the low-lime, low-mois
ture treatments. The strength of this odor varied, with stronger odors
associated with higher manure solids groups. Fungal growth, probably aero
bic, prevailed wherever this odor was encountered.
A putrid stench pervaded many of the high-moisture, low-lime treat
ments. The odors were similar to those encountered during anaerobic decom
position.
The high-lime treatments had a lime-like odor with a faint trace of
ammonia. The odor was not particularly offensive.
In some treatments where no lime, intermediate moisture, and inter
mediate manure solids were used, a sweet, silage-like odor was noticed.
Evidently, the odor emanated from an anaerobic fermentation process.
The physical appearance of the treatments varied quite widely. Illus
trations 6-9 depict treatments of diverse properties. Salient character
istics of these treatments are given in Table 8.
The Illustration 6 sample is a durable pellet that is, biologically,
only mildly active. Uhite filamentous fungus can be observed on the pel
let surface.
The sample of Illustration 7 has poor durability and profuse biologi
cal activity. The growth is a heavy fungal blanket on the pellet surface
with visible growth in the interior.
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Illustration 6. Incubated pellets (0% lixae, 2,57o manure, 20% moisture)
r
Illustration 7. Incubated pellets (2.5% lime, 10% manure, 40% moisture)
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Table 8. Properties of illustrated treatments
Illust.
No.
Lime
%d.b.
Manure
%d,b.
Moisture
%d.b.
Durability
Index
CO2
Evolution
X 100\
\COD /
Temperature
Rise
°F
6 0 2,5 20 97.0 9.54 3
7 2.5 10 40 8.7 21.40 8
8 2.5 20 40 6.3 26.70 7
9 10.0 20 40 0.9 0.00 2
Illustration 8 is another example of a low-lime, high-manure solids
pellet with profuse growth and low durability.
The Illustration 9 treatment contains the maximum amount of the three
varied ingredients. The high lime content arrests the biological growth,
while the high manure solids content prevents the formation of a durable
pellet.
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Illustration 8. Incubated pellets (2.576 lime, 207o manure, 407o moisture)
Illustration 9. Incubated pellets (107, lime, 207, manure, 40% moisture)
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conciJdsions
1. The coarse-solids fraction of swine manure can be stabilized by
processing it into soil-lime-manure pellets. Hydrated lin» in the
mixture in proportions of 5% (d.b.) and above extend the pH above the
metabolically active range of most micro-organisms. Hydrated lime
additions of 2.57« (d.b.) gave stimulated microbial growth in many in-
stmces, i«hen compared to no-lime treatments.
2. Durable pellets vere obtained only with mixtures yielding pellet den-
3
sities greater than 100 lb/ft • Pellet density was generally lower
3
than 100 lb/ft , and durability was poor from mixtures containing a
high proportion of manure solids.
3. The rate of ammonia evolution increases as the lime content increases,
and:
a. The rate of ammonia evolution decreases with time;
b. The evolution mechanism is largely inorganic, because maximum
amounts are obtained from mixtures that are biologically stable;
c. The amount of nitrogen evolved is dependent upon the total
nitrogen present.
d. No treatment evolved more than 10% of the total nitrogen as
ammonia during the 18-day observed period.
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DISCUSSION
Process Considerations
The proportion of each ingredient used in Che mixture depends upon
the properties of all ingredients. Fine-textured soils of low moisture
content permit the inclusion of more manure solids than do coarse soils
because of the increased absorbancy. Similarly, reductions in manure-
solids moisture content, before mixing, can reduce the needed proportion
of soil. Whenever the soil-manure solids ratio can be reduced, a lesser
amount of lime is needed to maintain the desired percentage.
Soil should be obtained in as dry a condition as possible and shel
tered during storage to prevent moisture content Increases. A granular,
non-cloddy soil is desirable for mixing, but a pulverizing process could
be Incorporated into the mixing and pelleting unit to break up soil clods
and assure proper particle sizing.
Hydrated lime, because of its affinity for water, requires storage
where rain and surface water are excluded. Some surface caking of the
lime, caused by atmospheric moisture absorption, can be permitted if an
adequate pulverization process is used.
Calcium oxide (CaO) should be more effective than hydrated lime for
preserving the manure solids. Because of the comparative molecular weights
of the two compounds, 25% less liming material would be needed using CaO.
Bie material expense also should be proportionately less using CaO because
unit weight prices for CaO and hydrated lime are about equal. Calcium
oxide Is much more hygroscopic than hydrated lime, however, so provisions
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to exclude atmospheric moisture might be necessary 1£ long-term storage Is
required.
Shelter should be provided for the pelleted material to prevent nu
trient seepage and any pollution threat. Design of the storage facility
should additionally provide for ready access by the necessary handling
equipment.
The necessary storage volume is directly related to the pellet density
and pellet durability. If mixtures of equal pellet densities are con
sidered, the bulk density Is highest for the lesser durable pellets be
cause slaked fines occupy the void spaces. Durable pellets with densities
ranging from 100-110 Ib/ft^ have bulk densities of 65-70 Ib/ft^.
The type of pelleting device used in the investigation would not,
realistically, be used in field applications. A continuous-flow system,
perhaps including an extruder, would be preferable. Once the range of
Ingredient proportions are established for a specific application, mixture
properties can be evaluated to design an adequate device.
Complementary Systems
In addition to the coarse-solids handling component of the system,
provisions are necessary to suitably stabilize and dispose of the remain
ing waste fractions. A portion of the waste water must be sufficiently
renovated to permit safe recycling and reuse as cleaning water through the
flushing system. Already established biological treatment methods can now
be applied with coarse solids separation to adequately reduce nutrient
levels for recycling and appropriate discharge.
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For exao^le, mechanically aerated treatment facilities, such as oxi
dation ditches and aeration ponds, can remove up to 90% of the BOD (18)
and 50-80% of the total nitrogen (3), Because of its aerobic character,
the process is very nearly odorless with the exception of a slight earthy
smell. Nutrients are converted to microbial protoplasm, necessitating a
sink for accunsulated solids. Major objections to mechanically aerated
units are frequent maintenance and the high operating cost—$0.50-$1.00
for the feeding cycle of one hog (7).
Aerobic lagoons also operate vith low odor and remove nutrients
through microbial and floral growth. Photosynthetic algae produce part
of the oxygen supply for the micro-organisms, but require shallow depths
for adequate light penetration. Depth, therefore, is a limiting factor,
and increased volumes must be achieved through added surface areas. In
northern climates, the lagoon will be nearly dormant during winter months,
so an odor producing start-up phase can be expected in the spring.
Anaerobic lagoonlng of animal wastes removes a large portion of the
organic material at a relatively low expense. The method is well-suited
for the degradation of biologically resistant organics, such as cellulose,
heml-cellulose, and lignin. These advantages are not as important when
coarse solids are removed and handled separately.
The major drawback of an aneroblc lagoon is the odor-causing gases
evolved during the recovery phases in late spring. If specific applica
tions will not permit such odors, present open surface lagoons will not be
acceptable. Future lagoons may be covered and Include components that will
control evolved gases and neutralize odors.
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A liquid disposal component is necessary in the treatment system, be
cause water is constantly being added. Under present economic circum
stances, it is difficult to sufficiently process animal waste to permit
direct discharge of the effluent into streams. Irrigating cropland with
the waste water seems a viable alternative that reduces the pollution
hazard and still meets disposal requirements (5). The soil serves as a
filter and treatment bed in which nutrients are absorbed. Heavy cropping
is possible with waste-water irrigation, and nutrients are converted to a
usable form. Mineral concentrations must be controlled in dry climates,
however.
Any of these foregoing treatment methods could be successfully used
in a system that incorporates separate coarse-solids handling. Obviously,
the particular methods used depend upon the specific application and its
social and economic constraints.
Practical Example
A discussion of a hypothetical livestock operation helps to place
pertinent parameters into practical perspective. Suppose a central Iowa
swine producer houses his hogs from weaning to market in total confine
ment. Coarse manure solids, with properties Identical to those of the in
vestigation, are to be separated from the effluent of flushed dunging
channels. A Webster silty-clay-loam is available at a 10% (d.b.) moisture
content. Hydrated lime is available In bulk form from a supplier within
the state.
The average body weight of the housed pigs is 100 lb. for the 180-day
growth period. Manure total solids production is 0.85 lb/day per pig (17)
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--yielding 153 lb. of total solids over the growth period. Approximately
100 lb. of the total solids are removed for processing as coarse solids
with an 80% (w.b,) moisture content.
Safe storage is possible with a 5% (d.b.) lime content mixture. To
prevent seepage and assure sufficient durability, a 307o (d.b.) moisture
content is desired. Combining 25 lb. of wet manure solids, 5 lb. of hy-
drated lime and 100 lb. of solid will yield a mixture that is satisfactory
The 180-day waste accunoilation from a single pig requires 100 lb. of lime
and 2000 lb. of soil.
Material costs for processing the waste of one pig can be estimated.
Hydrated lime is available for $18.50 per ton fob.^ By adding $6.50 per
ton for a 150-mile transportation cost, 100 lb. of hydrated lime costs
$1.25. Soil can be excavated and transported a quarter-mile for $0.20-
2 3$0.25 per cubic yard. If the soil has a density of 100 lb/ft , approx
imately 3/4 cubic yard (costing $0.16) would be required for the waste of
one pig during the growth period. The material cost at the livestock
production site would total $1.41.
The processed loaterial has some soil-amending qualities that are ac
countable, as summarized in Table 9.
Linwood Stone Company, Davenport, Iowa. Private communication.
1972.
2
Armstrong Company, Inc., Ames, Iowa. Private communication. 1972.
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Table 9. Soil amendment evaluation of processed waste from one pig
Amount
« . 1
Price Value
Kutrient (lb) (C/Ib) ($)
Nitrogen 2.33 4.2 0.096
Phosphorus 0.86 20.5 0.176
Potash (K2O) 0.63 4.7 0,030
Lime 5.00 0.28 0.014
Total 0.31
'"Cooper's Mill, Inc., Ames, Iowa. Private communication. 1972.
The depreciation in material value amounts to $1.10 per pig. No
estimation is made of the fixed and operating costs of solids separation,
processing, storage, and handling because different methods could yield
very different costs.
Similarly, cost reductions associated with the smaller biological
treatment facilities required are difficult to quantify. If COD is con
sidered a long-term BOD indicator, as much as 70% of the treatment load
can be eliminated, reducing the treatment facility requirements substan
tially. The manure fractions remaining after coarse solids removal are
adaptable to bio-degradation because of their composition and particle
size, so detention periods could be shortened. In continuous-flow sys
tems, detention period reductions automatically reduce storage volume
requirements. Reduction in treatment requirements, resulting from lowered
treatment loads and smaller detention periods, allows cost reductions for
the overall waste management system and Improves the feasibility of sepa-
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rate coarse solids handling. In addition, hydraulic handling equipment
requirements could be eased when coarse solids are removed, resulting in
further cost savings.
Undoubtedly, there are less expensive ways at present to dispose of
animal wastes. Changing social and economic conditions, however, may
dictate waste procedures like separate coarse solids handling. A pro
ducer may be faced with a decision of either resorting to a system of this
type, or ceasing operation. As more stringent pollution control measures
are demanded of the livestock industry, society must be prepared to subsi
dize the producer either directly, or indirectly through the consumer
market.
Further Research Recommendations
Removal of suspended solids from a slurry is a prerequisite for the
soil-lime-manure pelleting process. Some qualities to be considered when
developing a solids separator are effectiveness, reliability, low energy
input, minimal management and low initial cost. Design considerations
should include: principle (settling, screening, centrifuging, etc.);
period of operation (continuous or intermittent); and particle sizes
removed.
Equipment needs to be developed to implement the soil-lime-manure
pelleting idea. Mixing, pelleting, handling, and storage are areas that
need hardware for the idea to become a reality.
Properties of the pellets, other than those investigated, might be
desired. Hygroscopicity could be an important factor in storage stabil
ity. Pellet solubility may limit the effectiveness of the material as a
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plant nutrient source. Solubility may also indicate the material's re
sistance to runoff pollution.
Alternative methods of stabilizing solid animal waste should be ex
amined. The author demonstrated that coarse manure solids, reduced to a
50-60% (w.b.) moisture content, would ensile without additives, when
sealed in a fruit jar. After three months of storage, no noticeable dete
rioration had occurred. The material had a sweet, silage-like odor with
virtually no olfactory Indication of the original product. Further re
search of this idea could lead to new concepts in stabilized waste storage
and, conceivably, to waste refeeding.
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Table 11. Treatment properties and data
Treat- x lOO)
ment Durability 1 \COD /
No. Index Initial Final Average A 6-day 12-day
1 81.6 7.7 7.4 7.55 0.3 3.98 6.38
2 97.0 8.0 7.4 7.70 0.6 5.75 9.54
3 100.0 8.1 7.6 7.85 0.5 5.12 8.52
4 99.5 8.1 7.6 7.85 0.5 4.81 7.97
5 21.4 8.9 8.2 8.55 0.7 3.80 6.50
6 52.7 9.0 8.1 8.55 0.9 5.50 9.47
7 76.6 9.1 8.3 8.70 0.8 4.77 8.19
8 92.4 8.9 8.4 8.65 0.5 4.25 7.60
9 9.9 11.9 10.4 11.15 1.5 0.65 0.65
10 54.3 11.9 10.5 11.20 1.4 0.45 0.45
11 79.1 11.9 11.6 11.75 1.3 0.97 0.97
12 92.4 12.0 11.6 11.80 0.4 1.04 2.35
13 8.5 12.5 12.5 12.50 0.0 0.0 0.0
14 65.8 12.4 12.5 12.45 -0.1 0.0 0.0
15 96.1 12.4 12.5 12.45 -0.1 0.50 0.50
16 96.0 12.4 12.5 12.45 -0.1 0.0 0.0
17 36.1 7.5 7.4 7.45 0.1 3.16 5.43
18 86.8 7.5 7.4 7.45 0.1 4.29 7.54
19 99.5 7.6 7.5 7.55 0.1 5.35 9.24
20 100.0 7.8 7.6 7.70 0.2 4.40 7.67
21 1.7 8.7 7.8 8.25 0.9 3.34 5.68
22 19.6 8.7 7.6 8.15 1.1 4.00 6.78
23 80.5 8.9 8.3 8.60 0.6 5.85 10.25
24 82.8 8.7 8.4 8.15 0.3 4.22 6.86
25 1.1 11.0 9.7 10.35 1.3 0.97 0.97
26 0.6 11.6 10.6 11.10 1.0 1.17 1.17
27 39.8 11.2 9.9 10.55 1.3 1.45 2.00
28 71.8 11.8 11.4 11.60 0.4 1.57 1.57
29 1.0 12.3 12.5 12.40 -0.2 0.0 0.0
30 0.8 12.2 12.5 12.35 -0.3 0.0 0.0
31 52.4 12.3 12.5 12.40 -0.2 0.0 0.0
32 84.6 12.3 12.4 12.35 -0.1 0.0 0.0
33 2.7 7.7 7.1 7.40 0.6 4.75 8.14
34 7.8 7.7 7.0 7.35 0.7 6.25 10.78
35 45.5 7.7 6.9 7.30 0.8 7.55 13.35
36 98.0 7.7 7.2 7.45 0.5 9.32 16.14
37 0.9 8.6 7.8 8.20 0.8 7.28 12.47
38 1.1 8.4 7.5 7.95 0.9 10.85 19.64
39 5.1 8.6 7.7 8.15 0.9 11.95 21.05
40 8.2 8.7 7.3 8.00 1.4 12.60 21,40
41 0.5 11.3 9.7 10.50 1.6 0.32 0.32
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Table 11 (Continued)
Treat- p„ CO^ - 100^
\COD /
No. Index Initial Final Average A 6-day 12-da3
42 2.3 11,3 9.7 10,50 1.6 0.57 0.57
43 6.7 10.6 9.8 10.20 0.8 0.48 0.48
44 7.5 11.3 9.8 10.55 1.5 0.66 0.66
45 0.5 12.3 12.4 12.35 -0.1 0.0 0.0
46 0.5 12.3 12.5 12.40 -0.2 0.0 0.0
47 5.4 12.2 12.2 12.20 0 0.0 0.0
48 7.2 12.1 12.3 12.20 -0.2 0.0 0.0
49 1.8 7.6 6.4 7.0 1.2 2.57 4.04
50 1.8 7.6 6.7 7.15 0.9 4.36 7.36
51 9.8 7.5 6.6 7.05 0.9 9.65 16.43
52 10.8 6.7 6.2 6.45 0.5 12,10 20.70
53 1.1 8.5 7.2 7,85 1.3 5.61 9.73
54 1.7 8.1 7.5 8.05 0.6 7.21 12.86
55 2.5 8.0 7.0 7.50 1.0 12.80 22.73
56 6,3 8.3 7.4 7.85 0.9 14.60 26.73
57 0.7 10.4 9.1 9.75 1.3 0.13 0.13
58 0.9 9.8 9,1 9.45 0,7 0.70 0.20
59 1.2 9.6 8.6 9.10 1.0 0.37 0.37
60 0.3 10.2 9.5 9.85 0.7 0.55 0.55
61 0.3 12.2 12.4 12.30 -0.2 0.0 0.0
62 0.5 12.3 12.3 12,30 0.0 0.0 0.0
63 0.7 12.1 12.2 12.15 -0.1 0.0 0.0
64 0.9 12.1 12.3 12.20 -0.2 0.0 0.0
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Table 12, Treatment properties and data
Treat
ment
NH3-N (%) Temperature (®F)
No. 6-day 12-day 18-day 3-day 6-day 9-day 12-day Max.
1 0.0 0.0 0.0 1 -1 0 0 1
2 0.0 0.0 0.0 0 0 3 1 3
3 0.0 0.0 0.0 2 2 -1 2 2
4 0.0 0.0 0.0 0 1 0 1 1
5 1.54 2.47 2.79 1 1 1 2 2
6 1.66 2.78 3.28 1 1 2 2 2
7 1.47 2.56 3.11 0 -1 3 1 3
8 1.42 2,48 3.07 0 1 6 4 6
9 4.10 6.06 6.89 0 -1 0 1 1
10 4.07 6,14 7.05 0 0 2 0 2
11 3.69 5.96 7.23 2 2 2 1 2
12 3.52 5.92 7.04 0 0 1 1 1
13 4.50 6.90 8.04 0 0 2 1 2
14 4.37 6,55 7.89 1 1 0 2 2
15 4.00 6.66 8.11 1 0 1 1 1
16 3.77 6.61 8.19 0 0 0 0 0
17 0.0 0.0 0.0 0 1 5 5 5
18 0.0 0.0 0.0 2 2 3 2 3
19 0.0 0.0 0.0 1 1 2 2 2
20 0.0 0.0 0.0 1 1 2 3 3
21 0.76 0.86 0.86 2 2 4 4 4
22 0.74 0.74 0.74 1 1 4 4 4
23 0.52 0.52 0.52 2 3 2 1 3
24 0.88 0.88 0.88 1 1 1 3 3
25 2.55 3.23 3.42 1 0 -1 0 1
26 3.42 5.21 5.96 0 0 0 1 1
27 2.80 3.91 4.30 1 0 0 2 2
28 3,68 6,19 7.31 -1 0 0 1 1
29 3.35 4,06 4.23 2 2 0 0 2
30 5.30 8.04 9.19 0 1 2 0 2
31 4.36 7.17 8.35 0 0 0 0 0
32 3.17 4.64 5.45 0 0 0 1 1
33 0.0 0.0 0.0 3 2 5 4 5
34 0.0 0.0 0.0 2 2 3 4 4
35 0.0 0.0 0.0 0 1 4 2 4
36 0.0 0.0 0.0 1 2 3 3 3
37 0,99 0.99 0.99 0 2 2 3 3
38 0.35 0.35 0.35 0 1 5 5 5
39 0.75 0.75 0.75 2 2 4 3 4
40 0.48 0.48 0.48 2 3 8 6 8
41 3.18 5.05 5.25 2 2 0 2 2
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Table 12 (Continued)
Treat- NH3-N (%) Temperature (op)
No. 6-day 12-day 18-day 3-day 6-day 9-day 12-day Max.
42 3.45 5.57 5.99 0 0 1 1 1
43 3.36 5.36 6.42 1 1 1 0 1
44 3.62 5.91 7.20 0 -1 1 0 1
45 3.46 5.39 6.24 0 0 1 2 2
46 4.65 7.20 8.25 1 2 2 2 2
47 4.04 6.29 7.20 1 1 0 0 1
48 3.62 5.98 6.71 1 0 0 1 1
49 0.0 0.0 0.0 1 3 5 5 5
50 0.0 0.0 0.0 1 2 6 5 6
51 0.0 0.0 0.0 2 3 8 7 8
52 0.0 0.0 0.0 0 2 2 4 4
53 0.61 0.67 0.67 2 2 4 4 4
54 0.25 0.25 0.25 1 2 6 5 6
55 0.94 0.94 0.94 2 4 10 7 10
56 0.34 0.34 0.34 2 2 5 7 7
57 1.85 3.30 3.86 1 0 1 0 1
58 2.13 3.52 3.68 2 2 1 2 2
59 2.75 4.45 4.54 -1 0 1 0 1
60 2.52 4.15 4.40 1 1 0 0 1
61 2.11 2.84 3.10 0 0 0 1 1
62 3.09 5.15 6.22 2 2 1 1 2
63 3.90 6.18 7.20 2 1 0 0 2
64 3.87 6.44 7.70 0 -1 2 1 2
